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The aim of the study was to assess the relationship between body composition and nutritional status with the
level of vitamin D metabolites 25(0OH)D and 1,25(0H),D in patients in the long term after kidney transplanta-
tion (KTx).

During 2 routine outpatient visits in summer and winter, the anthropometric and body composition measure-
ments and laboratory data from 105 stable KTx patients were taken and the annual averages were analyzed.
Data of 64 patients (26 F, 38 M) at mean age 49.3+12.2 years and 5.6+2.7 years after KTx with mean BMI
26.9 kg/m? were included for final analysis. Mean annual 25(0H)D concentration was 18.76+6.32 ng/dl and
1,25(0H),D 86.65+18.0 pg/ml. A reverse relationship between 25(0OH)D level and fat tissue index was observed
(r=-0.26; P=0.039). 25(0OH)D level increased together with body cell mass (r=0.30, P=0.017) and lean tissue
mass values (r=0.30, P=0.015). The body weight and BMI were not associated with 25(0H)D or 1,25(0H)2D lev-
el. A reverse relationship was found between: 25(0OH)D and total cholesterol (r=-0.31, P=0.012) and LDL level
(r=-0.25, P=0.049), and between 1,25(0H)2D and HDL level (r=-0.25, P=0.046). No significant correlations be-
tween biochemical nutritional parameters, graft function and 25(0OH)D or 1,25(0H)2D were noted.

Body composition is one of the factors affecting the vitamin D status in KTx patients. Fat tissue index is a neg-
ative predictor of 25(0H)D level in patients in the long term after KTx. A low level of 25(0OH)D predisposes to
lipids disturbances in KTx recipients.
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Background

The main sources of biologically inactive vitamin D are its
skin synthesis due to UVB [1] radiation and its ingestion with
diet [2]. Activation of vitamin D occurs during the two-step hy-
droxylation: first in the liver, where 25-hydroxylase produces
25(0H)D and second in the kidney’s proximal tubular cells,
where la-hydroxylase actives it to 1,25(0H),D (calcitriol), al-
though this hydroxylation also may appear in other tissues and
organs [3]. One of the extrarenal sources of 1,25(0H),D is adi-
pose tissue (subcutaneous and visceral), which contains specif-
ic enzymes with 25-hydroxylase activity (CYP2R1, CYP2J2, and
CYP27A1) [3]. Adipose tissue is also responsible for vitamin D
storage [4] and expression of vitamin D receptor (VDR) [5,6].
After binding with VDR, 1,25(0H),D regulates gene and hor-
mone expression of leptin, insulin sensitizing hormone, and
adiponectin [6] and therefore body composition, mainly fat
tissue content, can influence vitamin D status. Some studies
found that obesity, defined by body mass index (BMI), is asso-
ciated with lower 25(0H)D levels [7-9]. Vitamin D deficiency or
insufficiency is common in the general population [10] and in
kidney transplantation (KTx) patients [11]. Nevertheless, kid-
ney recipients are exposed to additional risk factors of vita-
min D insufficiency such as decreased graft function, dietary
restrictions, recommendations to avoid sun exposure with its
increased probability of developing skin cancer, immunosup-
pressive drugs use including steroids, and calcineurin inhibi-
tors influencing vitamin D catabolism or possible urine void-
related loss of vitamin D proteins binder [12-14]. However,
some studies showed no relationship between graft function
and vitamin D status [11,15], which suggests that other fac-
tors determine vitamin D levels in this population. A growing
number of studies document an increase of BMI and fat tis-
sue content in most patients after KTx [11,16].

The aim of this study was to investigate the relationships of

25(0H)D and 1,25(0H),D levels with body composition and nu-
tritional status in patients in the long term after KTx.

Material and Methods

We included 105 patients (42 F, 63 M, mean age 49.33+12.17
years) in a long term after KTx with stable graft function, living
in Poland (at the latitude 51°46’N 19°27’E). They underwent
KTx from a deceased donor between 2004 and 2013 and had
been under the care of the outpatient post-transplant clinic.
All gave their consent to participate in the study. The Bioethics
Commission approved the protocol.

The inclusion criteria were as follows: patients over 12 months
after KTx, stable graft function during last 6 months (chang-
es in estimated glomerular filtration rate (eGFR) below 5 ml/
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min/1.73 m?), with immunosuppressive regimen consisting of
a low-dose prednisone (5.0+2.5 mg/d) with calcineurin inhib-
itor: cyclosporin (CsA) or tacrolimus (TAC) and mycophenolate
mofetil (MMF) or sodium (MPS).

The exclusion criteria were as follows: supplementation with
any of vitamin D compounds (ergocalciferol, cholecalciferol, al-
phacalcidol, or calcitriol), calcium or cinacalcet treatment dur-
ing last 6 months, any pharmacological treatment for osteo-
penia or osteoporosis, severe hypocalcemia or hypercalcemia,
uncontrolled hyperparathyroidism, history of any cancer, acute
conditions including infection during the last month, diseases
preventing active movement, and travel associated with in-
creased sunlight exposure in the previous 6 months.

The study was based on 2 visits: first in summer (August,
September) and second in winter (January, February). On both
visits height, body weight, and body composition measure-
ments (BCM) were performed. BCM was done using electri-
cal bioimpedance body composition monitoring by Fresenius
Medical Care BCM (Bad Homburg von der Hohe, Germany); the
reference range was compared to parameters available on the
manufacturer’s website. BCM parameters were measured: fat
mass (FAT), fat tissue index (FTI), adipose tissue mass (ATM),
lean tissue mass (LTM), lean tissue index (LTI), body cell mass
(BCM), total body water (TBW), intracellular water (ICW), and
extracellular water (ECW).

Fasting blood samples were collected during the same routine
ambulatory visits: serum creatinine, albumin, total protein, glu-
cose, CRP, total cholesterol (TC), HDL cholesterol, triglycerides
(TG), (LDL-cholesterol calculated using the Friedewald formu-
la), parameters of calcium-phosphate metabolism: parathyroid
hormone (PTH), calcium and phosphorus, blood count, and con-
centration of TAC/CsA before the next dose of the drug. Blood
samples were centrifuged and frozen at -80°C to assess the level
of 25(0H)D, calcitriol, and fibroblast growth factor 23 (FGF-23).
The albumin/creatinine ratio (ACR) in the first morning urine
collection was also determined on the same visits. 25(0OH)D was
measured with enzyme-linked immunosorbent assay (ELISA)
(25-0H Vitamin D total; Demeditec; Kiel-Wellsee, Germany),
calcitriol (ELISA kit for calcitriol; Wuhan, China) and FGF-23
(ELISA kit for FGF-23; Wuhan ElAab Science; Wuhan, China).
Graft function was determined by assessing eGFR calculated
on the basis of a simplified MDRD formula (The Modification
of Diet in Renal Disease). Vitamin D status was determined
by 25(0OH)D level based on the KDIGO guidelines and was de-
scribed as: sufficient >30 ng/mL, insufficient 15-30 ng/mL, and
deficiency <15 ng/mL [17]. BMI values were further set into 4
categories in line with the World Health Organization guide-
lines: low <18.5 kg/m?, normal 18.5-24.9 kg/m?, overweight
25.0-29.9 kg/m?, and obesity over 30 kg/m2. For abnormal
lipid levels we assumed: TC >190 mg/dl, TG >150 mg/dl. For
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Table 1. Annual and seasonal levels of vitamin D metabolites, biochemical parameters and urine albumin/creatine ratio in patients in

long term after kidney transplantation.

25(0H)D ng/dl 18.7646.32
L2s0MDpgdl 866541800
Creatinine[mgrd] 1484037
R [mUminAzzml 51591313
CAbuminlgt 45388284
Totalproteinfgl 70756419
Ccacumfmmov) 252:012
 Albumin corrected serum calcium [mmol/l] 2431017
 Phosphate [mmolt] 096:019
CPTHGgm) 78.24£49.07
CFoR23lpgm) 21841392
 Total Cholesterol [mgrdl] 2132514055
| HDL-cholesterol [mgrd] 56.05£15.48
DL cholesterol [mg/d] 1269143311
| Trghycerides[mg/d] 1627947076
CWeBlgd 14115158
ARImggl 252343242

20.3+7.40 17.2247.10 <0.001
10733183 634061462 w0001
""""""" 153034 1445043 <0001
"""""" 494481203 540241511 <0001
"""""" 45548278 4576:261 0403
"""""" 7136:450 68924600 001
""""""" 250:000 254014 0033
""""""" 2411015 246:021 0031
""""""" 0941022 o099:021 o014
"""""" 8149:56.18 781344786 088
"""""" 053466 23144489 <0001
""""" 207.88:4620 2166544421 0089
"""""" 5598:1688 588841634 0023
1236743751 1264743644 0089
| 14869:6254 1477615615 0848
"""""" 13995169 14226161 043
"""""" 220812627 263343604 0255

ACR — albumin/creatine ratio; eGFR — estimated glomerullar filtration rate; FGF-23 — fibroblast growth factor-23; HGB — hemoglobine;

PTH — parathyroid hormone.

statistical analysis, IBM SPSS program was used. Normal dis-
tribution was tested by Shapiro-Wilk test. The correlation be-
tween 2 quantitative parameters was measured with Pearson
correlation coefficient (for normal distribution) or Spearman
correlation coefficient (without normal distribution). Differences
between parameters for 2 independent groups were evaluat-
ed by the t test (for normal distribution) and U Mann-Whitey
test (without normal distribution). The strength of the effect
was measured by Cohen d factor for t test and by eta-squared
(m2) for U Mann-Whitey test. Differences between parameters
for 3 independent groups were evaluated by one-way analy-
sis of variance (ANOVA) with post hoc tests for normal distri-
bution variables and Kruskal-Wallis ANOVA test with post hoc
tests for variables without normal distribution. The strength
of the effect was measured by 12, with relevant formula for
one-way ANOVA and Kruskal-Wallis ANOVA. The correla-
tion between 2 qualitative parameters was estimated by chi-
square (x?) test. Differences between parameters for 2 depen-
dent groups (summer and winter) were evaluated by t test for
linked variables with normal distribution or by Wilcoxon test
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for variables without normal distribution. The strength of the
effect was measured by 12 for t test for related variables and
for Wilcoxon test. Logistic regression model with stepwise for-
ward feature selection was fitted to identify independent fac-
tors predictive of the 25(0H)D level. For all tests, P value less
than 0.05 was considered as statistically significant.

Results

In this prospective observational study, 64 adult patients (26
F, 38 M) at mean age 49.3+12.2 years (range 20-72 years)
and 5.6+2.7 years (range 2-16 years) after KTx, dialyzed for
2.24+0.32 years (range 0.5-3.9 years) prior to surgery were final-
ly included into the analysis. We disqualified 41 patients out of
105 originally included: 15 patients because of missing follow-
up visits, 18 patients because of presence of active inflammation
on a follow-up visit, 7 patients started supplementation of vita-
min D or calcium, and 1 patient changed transplant clinic. The
causes of end-stage kidney disease were: glomerulonephritis
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Table 2. Anthropometric data and body composition parameters in kidney recipients in summer and winter.

Height [cm] 168.94+8.75
 Weightlkgl 769281587
Cemikgml 26891495
e 13506289
CFibkgml 13516507
B 881000
e 82521075
S 831463
CBMikel g1
Cmwyg 3s55:7.05
Cewnw 15756295
Cowyw 10979t467

168.89+8.77 169.59+8.58 0.877

763411589 90911620 0ol
6708897 46507 0004
14068363 12884309 0005
2sessor 14641553 0002
a00ssiiga 71141017 0012
269281084 305861120 0002
3661s1448 aeos1s2s 0002
22408810 012669 0006
3s7s702 3454849 0529
ssm202 15834312 0201
19945486 19624602 0054

ATM — adipose tissue mass; BCM — body cell mass; BMI — body mass index; ECW — extracelullar water; FAT — lipid mass; FTI — fat tissue
index; ICW — intracelullar water; LTI — lean tissue index; LTM — lean tissue mass; TBW — total body water.

(n=24), cystic degeneration of the kidneys (n=11), chronic in-
terstitial nephritis (n=6), reflux nephropathy (n=4), diabetic ne-
phropathy (n=3), and idiopathic reasons (n=16).

Mean annual level of 25(0H)D was 18.76+6.32 ng/dl and of
1,25(0H),D was 86.65+18.0 pg/ml. Mean levels of both me-
tabolites in summer were significantly higher than during win-
ter. Tests performed in winter showed higher HDL cholesterol,
but the other parameters of lipid metabolism did not show a
seasonal relationship. Lower concentrations of total protein in
winter were noted, but both total protein and albumin levels
were within laboratory norms. The laboratory data including
vitamin D metabolites levels, graft function, serum albumin
and protein levels, lipids, and ACR are presented in Table 1.

The seasonal anthropometric data and body composition pa-
rameters are presented in Table 2. The winter measurements
of weight and BMI were significantly higher than in summer.
Likewise, during winter significantly higher FTI, FAT, and ATM
levels were observed. LTM, LTI, and BCM levels were significant-
ly lower. No significant differences between anthropometric
and biochemical parameters were found among groups with
deficiency, insufficiency, and normal 25(OH)D level, except that
the height of patients was positively associated with vitamin
D level: 167.69+7.02 cm, 168.43+8.87, cm and 179.5+8.58 cm;
P=0.04, respectively. No influence of weight or BMI on vitamin
D metabolites was observed between these groups, perhaps
because of the small number of subjects with normal 25(0H)
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D levels. However, patients with higher BMI tended to have a
lower level of 25(0H)D (Table 3).

We observed an inverse association between parameters of
body fat content and 25(0H)D concentrations: patients in FTI
<90 percentile had a statistically higher 25(0H)D level than
those with FTI 90 percentile (22.15+8.17 vs 17.89+5.53 kg/m?;
P=0.03). Furthermore, a reverse relationship between 25(0H)
D level and FTI was observed (r=-0.26; P=0.039). The 25(0OH)
D level increased with elevation of body cell mass (r=0.30,
P=0.017) and LTM (r=0.30, P=0.015). No correlation between
25(0OH)D and 1,25(0H),D levels was found (r=-0.22; P=0.076).

Patients with sufficient vitamin D content had a lower TC level in
comparison to patients with 25(0H)D <30 ng/ml (171.63+34.87
vs 216.03+39.61 mg/dl; P=0.03). A similar relationship was
observed between 25(0H)D and TG levels (104.00+30.84 vs
166.71+71.05 mg/dl; P=0.05). Patients with TC <190 mg/dl level
had a higher level of 25(0OH)D than those with hypercholesterol-
emia (20.67+7.50 vs 17.83+5.52 ng/ml; P=0.092). Furthermore,
an inverse relationship was found between 1,25(0H),D level
and HDL (r=-0.25, P=0.046), and between 25(0H)D and TC (r=-
0.31, p=0.012), and LDL level (r=-0.25, P=0.049). No significant
correlations between the levels of serum total protein or albu-
min and 25(0H)D or 1,25(0H),D were found.

No other significant differences in biochemical parameters (in-
cluding graft function parameters, mineral parameters, ie, PTH
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Table 3. Body composition parameters in kidney recipients according to 25(0OH)D level.

25(0H)D <15

Parameter

30< 25(0H)D >15

25(0H)D >30

n=16
BMI [kg/m?] 27.2045.84
Cmke 36311892
Cmikgml 8257
CETkel 208521218
CAMbg we1s1657
CFikgm 1453599
CBcMkel 19761603
Cmwh 34008658
Cewn 15474312
Cewn 18626382

n=44 n=4

26.97+4.48 24.81+7.10 0.684

38851019 warss30 0077
13674299 15461260 0266
28231037 2061906 0439
3gaosial0 00141238 0438
13s0:481 063:485 0238
1su687 7881408 0025
3563740 - a055:547 0273
1s7204 17236247 0569
19901495 23308300 0045

ATM - adipose tissue mass); BCM — body cell mass; BMI — body mass undex; ECW — extracelullar water; FAT — lipid mass; FTI — fat
tissue index; ICW — intracelullar water; LTI - lean tissue index; LTM — lean tissue mass; TBW — total body water.

Table 4. Predictors of 25(0OH)D level in multivariate logistic regression analysis in patients in the long term after kidney

transplantation.
Parameter B Standard error B Standardized B t P
Constant 45.45 9.02 5.04 <0.001
Agelyeass 04 012 00 425 w001
©Time after KTx [years] o086 031 03 274 0012
CBMifaw] 39 106 340 373 0001
B s 030 18 385 0001
CATM[kgl 106 030 201 356 0002
B s7 1710 ss8 335 0003
CCRP[mg] 072 028 0 255 0019
 Total cholesterol [mg/dl] 02 008 1% 327 0004
CWDLmgdl 020 o0 04 208 0050
CLmgdl 020 008 Lo 245 0023

B — model factor; ATM — adipose tissue mass; BCM — body cell mass; BMI — body mass index; ECW — extracelullar water; FAT — lipid
mass; FTI - fat tissue index; ICW — intracelullar water; LTI — lean tissue index; LTM — lean tissue mass; TBW — total body water;

t — value of the test statistic; p — test probability.

and FGF-23, and albuminuria) were found between patients
with a normal vs insufficient level of vitamin D.

Multiple logistic regression analysis was performed to identify
factors affecting the vitamin D metabolite levels. The model of
prediction of 25(0H)D level was built with 10 variables out of 16
proposed. All of the variables were significant and are present-
ed in Table 4. Such a model could not be built for 1,25(0H),D.

This work is licensed under Creative Common Attribution-
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Discussion

One study showed that most of KTx patients in Poland have
vitamin D deficiency, independent of graft function [11]. There
are many other factors that can affect vitamin D status in the
KTx population. Both lack of vitamin D [11,13,18] and obesi-
ty [19,20] are features frequently observed among KTx recip-
ients. There are few reports that analyzed active vitamin D
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metabolites levels in relation to body composition, especial-
ly in chronic kidney disease (CKD) patients and even fewer in
those after KTx. Considering the important role of fat tissue
in the vitamin D metabolism, in our study we undertook to
analyze the association of body composition and nutritional
status with vitamin D metabolite levels in this population. We
found that with an increase in body fat volume, the 25(0H)D
level decreases, while lean body mass content has a positive
effect on this hormone. We did not observe such a phenome-
non in relation to 1,25(0H),D level. Furthermore, neither body
weight nor BMI in our patients were associated with 25(0H)
D or 1,25(0H),D level. However, the BMI value was found to
be one of the factors affecting the 25(0H)D level in linear re-
gression analysis.

The data regarding the relationship between BMI and 25(0H)
D in CKD patients [21] including KTx recipients [22] are ambig-
uous. Most studies on the general population show a reverse
correlation between BMI and 25(0OH)D level [23,24]. Figuiredo-
Dias et al found lower 25(0H)D level with rising BMI among
non-dialyzed CKD patients in stages 2-5 [25], which corre-
sponds with the results of our study. Similar to our results,
the authors found no correlation between vitamin D levels
and GFR [25]. Obesity is commonly diagnosed based on BMI
value in the KTx population [11,16,26] and is associated with
excess body fat mass [27]. A previous study conducted in our
center showed that during the first 3 years following KTx, 65%
of patients gained weight, with a mean BMI increase in the
whole study population of 0.4+1.3 kg/m? per year [16]. Lower
25(0OH)D level with increasing fat tissue content and BMI in
KTx patients was also observed by Baxmann et al [28]. Similar
to our observations, the authors show that fat tissue amount
and BMI are independent factors affecting 25(0H)D level, but
this was not observed for eGFR or proteinuria [28]. Excess fat
tissue, particularly indexes of obesity, were found to be strong-
ly associated with vitamin D insufficiency among Brazilians af-
ter KTx [29]. They showed that patients with either vitamin D
deficiency or insufficiency had significantly higher values of
body fat and greater weight gain since transplantation [29].

Our current and previous studies and observations of other
researchers seem to suggest that the increase of fat tissue
mass and even more so weight gain are important risk fac-
tors of vitamin D deficiency in patients in the long term af-
ter KTx. Considering that a decrease of fat tissue mass with
a concurrent increase in lean tissue mass may improve vita-
min D status, the build-up of cellular and muscular mass in or-
der to prevent obesity and fat tissue accumulation by regular
physical activity and healthy lifestyle should be recommended.

The mechanism by which obesity affects 25(0H)D levels in KTx
patients remains unknown, but limited physical activity with a
resulting weight gain and less exposure to the sun are highly
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probable. Wortsman et al showed that 24 hours after ultravi-
olet exposure, the increase of vitamin D concentrations was
57% smaller in the obese than in nonobese subjects, but the
content of vitamin D in the skin was not significantly different
between groups [24]. It is therefore suspected that obesity al-
ters the release of vitamin D from the skin and subcutaneous
fat, which is known to store vitamin D and which sequesters
more of the cutaneous synthesized vitamin D, into the blood
circulation [24]. The higher lipogenesis and reduced lipolysis
observed in overweight patients may decrease bioavailabili-
ty of vitamin D as well [28]. Genetic factors are also consid-
ered [23]. Furthermore, some authors suggest a connection be-
tween PTH elevation and increased fat tissue volume [30,31].
We observed a tendency to an increase of PTH level and de-
crease of 25(0H)D in our recipients.

Vitamin D insufficiency is also identified as a risk factor of
dyslipidemia, both in the general population [32-34] and in
CKD patients [35,36]. Vitamin D increases expression of per-
oxisome proliferator-activated receptors o (PPAR-o), which
play key role in lipids metabolism in hepatocytes [37]. In our
study we observed that along with increasing 25(0H)D level,
TC and LDL levels decrease, and TC, HDL, and LDL levels were
factors affecting 25(0OH)D levels in linear regression analysis.
We noticed a reverse relationship between calcitriol and HDL
level. Data assessing associations between particular compo-
nents of lipids and vitamin D metabolites are unequivocal -
some of them show the relationship, some do not [29,38,39].
However, we must emphasize that most of our patients (73%)
had received statin therapy, so the described improvement can-
not be assigned only to the beneficial influence of vitamin D.
Sikgenc et al showed that vitamin D supplementation in KTx
patients decreases TC and TG levels [38]. Keyzer et al showed
a positive relationship between 25(0H)D and LDL level and a
negative relationship between 25(0H)D and waist circumfer-
ence and dialysis vintage before KTx [40]. They also identified
factors positively influencing 1,25(0H),D level: 25(0H)D lev-
el, eGFR, HDL (reverse correlation in our study), and negative-
ly with transplantation vintage. In our study the linear mod-
el for 1,25(0H),D could not be built. Considering this and the
lack of correlation between 1,25(0H),D and 25(0OH)D, it can
be assumed that other factors and relationships affect their
level, in which one or more variables are not in linear depen-
dence. Based on these data, it can be presumed that body
composition affects vitamin D metabolism in KTx patients,
but vitamin D affects the lipid profile, although determining
the exact dependence requires further studies in larger pop-
ulations. Lack of assessment of the thyroid hormones profile,
which can affect the lipids profile and nutrition markers, is a
limitation of our study. We did not observe any relationship
between vitamin D metabolite levels and serum levels of to-
tal protein or albumin as markers of nutrition, but none of our
recipients showed laboratory markers of malnutrition. FGF-23
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suppresses the activity of 1a-hydroxylase and escalates the
activity of 24-hydroxylase of vitamin D in the proximal tubule,
which results in the reduction of concentration of active vita-
min D metabolites [41]. The higher levels of FGF-23 observed
in our patients in winter may be also one of the factors result-
ing in lower levels of active vitamin D metabolites.

As far as we know, our study is the first to present correla-
tions between body composition and nutrition with 25(0H)
D or 1,25(0H),D in KTx patients in Central Europe. However,
there were limitations to this study, including a small sample
size from a single center and shortage of precise data about
changes in patient weight from the moment of KTx to our
measurements. Due to the small group size of patients and
statin intake by most of them, we did not divide the popu-
lation into treated/non-treated with statins to evaluate the
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